Abstract. The predominant driver of bioanalysis in supporting drug development is the intended use of the data. Ligand-binding assays (LBA) are widely used for the analysis of protein biotherapeutics and target ligands (L) to support pharmacokinetics/pharmacodynamics (PK/PD) and safety assessments. For monoclonal antibody drugs (mAb), in particular, which non-covalently bind to L, multiple forms of mAb and L can exist in vivo, including free mAb, free L, and mono-and/or bivalent complexes of mAb and L. Given the complexity of the dynamic binding equilibrium occurring in the body after dosing and multiple sources of perturbation of the equilibrium during bioanalysis, it is clear that ex vivo quantification of the forms of interest (free, bound, or total mAb and L) may differ from the actual ones in vivo. LBA reagents and assay formats can be designed in principle to measure the total or free forms of mAb and L. However, confirmation of the forms being measured under the specified conditions can be technically challenging. The assay forms and issues must be clearly communicated and understood appropriately by all stakeholders as the program proceeds through the development process. This paper focuses on monoclonal antibody biotherapeutics and their circulatory L that are either secreted as soluble forms or shed from membrane receptors. It presents an investigation into the theoretical and practical considerations for total/free analyte assessment to increase awareness in the scientific community and offer bioanalytical approaches to provide appropriate PK/PD information required at specific phases of drug development.
INTRODUCTION
Biotherapeutics based on a targeted mechanism have formed a successful drug development paradigm. A major portion of the biotherapeutics consists of monoclonal antibody (mAb) drugs. More than 20 mAb have been approved by the Food and Drug Administration (FDA) as drugs, and more than 100 are projected to be under development (1) . Reliable methodologies for measurements of mAb and its target ligand (L) in circulation are crucial for the assessment of exposure-response relationships in support of efficacy and safety evaluations, and dose selection. Ligand-binding assays (LBA) are commonly used for quantification of levels of mAb and the corresponding L (2, 3) . Multiple forms of mAb and L exist in the biological milieu including free mAb, free L, and mono-and/or bivalent complexes of mAb and L. Additional complexity can result when L is a dimer or multimer. LBA reagents and assay formats can be designed to measure the selected forms of interest, which include the bound or free forms of mAb and L. However, confirmation of the exact forms that are being measured by the LBA can be bioanalytically challenging. Because the data from LBA enable the assessment of the pharmacokinetics/pharmacodynamics (PK/PD) relationship, it is important to clearly understand the interaction of mAb and L using pertinent assays for appropriate PK/PD assessment.
The AAPS Ligand-Binding Assay Bioanalytical Focus Group initiated discussions of these issues in a hot topic session at the 2008 National Biotechnology Conference (Lee et al. LBABFG Jul 08 Newsletter) and formed a discussion group to share the key information on the AAPS Website.
[http://community.aapspharmaceutica.com/ShowForum.aspx? ForumID=34]. This manuscript presents the consensus from this group as a result of thorough discussions on: (1) the utility of mAb and L information at various drug development phases, (2) reagent availability considerations, (3) bioanalytical challenges and method caveats, and (4) impact of bioanalytical data on drug development decision-making. This paper provides a practical approach to method choices for total and free assays of mAb and L. It is our attempt to:
▪Increase awareness in the drug development community as to the importance of understanding what forms (free, bound, or total) of mAb or L are being measured by a given LBA.
▪Present common bioanalytical approaches, limitations, and challenges of the methods at various phases of drug development.
▪Identify and bridge potential communication gaps between the data providers (bioanalytical scientists) and the data end users (pharmacokineticists, toxicologists, and PK/PD modelers) when defining data requirements and understanding the inherent trade-offs and risks.
For clarity of discussion, the scope of this paper is limited to mAb biotherapeutics, defined as mAb in the paper, and their circulatory L that are either secreted as soluble forms or shed from membrane receptors. Binding of mAb to anti-drug antibodies (ADA), which may impact pharmacokinetics (PK) assessment and interpretation, and binding of L to other binding proteins, which impacts diagnostic interpretation, deserve separate discussions in future publications. The terminology of free, partially free (also called partially bound), bound, and total mAb and L in the biological fluid are defined in Table I . For mAb, it is practical to define the "free" fraction as the forms that exert biological activities equivalent to those of the unbound forms. Due to the bivalency of mAbs, the free mAb includes both unbound and partially bound (i.e., monovalently bound) forms; these are typically measured using the unbound reference standards in the assay. The "total" mAb would be the sum of fully bound, partially bound, and unbound forms. In addition to binding to the mAb, L can also bind to other proteins, and L may have multiple binding sites with or without co-operative effects. However, for simplicity of the general concept, multivalent binding and proximal protein binding with L will not be discussed in this paper. We herein simplify the determination of L to include only forms of the "free" (unbound) and total (comprised of bound and unbound to mAb) with the corresponding standards being defined by the specified method.
While case studies and examples from the literature are presented here, it is not the intent of this paper to be comprehensive. Examples in the tables are given as references but not discussed in detail to avoid a lengthy paper. The reader should refer to the cited examples for detailed descriptions. Future programs and publications will certainly be developed to add to this continually evolving knowledge base.
UTILITY OF DRUG AND TARGET BIOANALYTICAL DATA
The primary driver of a bioanalytical strategy is the intended use of the data to facilitate decision-making in drug development. Depending on the information required for decision-making, the data required and hence the selection of assay (free, total or both) may differ at each phase of drug development. During the early phase of development, specific reagents may not be available for the development of a free assay. Therefore, the bioanalytical scientist and the data-user (s) should understand and communicate on: (1) the intended use of the bioanalytical assay data, (2) the dynamic equilibrium relationship between mAb and soluble L in circulation, and (3) the technical challenges and practical limitations of the assays.
In the preclinical development stage, mAb concentrations are used to understand PK behavior in nonclinical species and to project the exposure of the first in human (FIH) starting dose (Table II) . L concentrations are used to understand the dynamic relationship of mAb to L to assist the identification of the biologically active mAb concentration and to allow the model-based determination of dose and regimen (4) . Data in the clinical stage are used to characterize human PK profiles, define PK/PD relationships regarding safety and efficacy, and establish PK/PD models in the target population to support approved use and drug label. Detailed PK/PD data applications are listed in Tables II and III. In many instances, the pharmacologic effect of a biotherapeutic is determined by mAb free . This is especially true if mAb binds to a soluble ligand to prevent its binding to (or signaling via) its cognate receptor. If a correlation can be established between the binding of L free and clinical response, the binding and capture of L could serve as a straightforward biomarker for PK/PD modeling and regimen selection. While mAb free reflects the availability of mAb for L free and binding capacity of mAb to L in vivo, an assessment of mAb total can further help characterize the dynamic interaction between mAb and L. mAb/L ratios and the dynamic equilibrium highly influence the specificity required for the bioanalytical assay. Thus, it is important to understand the information needed at different stages of drug development.
Pharmacokineticists are often interested in mAb free because these levels reflect the availability of the active drug. Toxicologists, however, may have an additional interest in mAb total because either on-or off-target effects of mAb may pose safety concerns. It is therefore essential for pharmacokineticists and toxicologists to understand what exactly a particular assay measures before these data are used, and to clarify whether an additional assay is needed. In this regard, the PK or pharmacodynamics (PD) model generated using the results from a particular assay format may need to be re-evaluated if the assay format is changed during later stages of drug development. The LBAs of 21 FDA-approved mAb were recently reviewed in the perspectives of free and/or bound assays (5) . Most of these reports did not specify what forms were being measured, which may lead to discordance of PK parameters resulting from different methods. Therefore, when developing the bioanalytical assay strategy for a mAb, it is important to work with key stakeholders in different functional groups to carefully decide on when and how to assess mAb and L for each drug development program, taking into consideration many factors including the stage of drug development.
BINDING EQUILIBRIUM AND CHALLENGES OF TOTAL/FREE ASSAYS
mAb and L binding is governed by the law of mass action first presented by Guldberg and Waage in 1864. It has been widely used to describe reversible binding interactions ranging from steroid hormones with binding proteins to mAb with L (6). Therapeutic mAbs are selected for drug development based on a high binding affinity for L, with equilibrium dissociation constants (K d ) typically in the low nanomolar to picomolar range. The binding kinetics are typically non-linear, capacitylimited, and consistent with second-order association.
Where K d and K a are the equilibrium dissociation and association constants, respectively. The law of mass action has been used to calculate or predict concentrations of the components in the equilibrium. The tendency of the equilibrium to shift as concentrations change is also described by Le Chatelier's principle. Figure 1 illustrates that the fraction of mAb bound to L is dependent on the ratio of mAb to L in addition to the K d . To characterize in vivo PK behavior and to project human PK To assess PK and PD response relationships in animal models To calculate safety margin and determine the safe starting dose and/or efficacious dose in FIH study L free
To assess the inhibition of L free following drug treatment and provide proof of concept information; to understand the dynamics of L free L total
To assess the re-distribution/modulation of L total following drug treatment and provide proof of concept information; understand the dynamics of L total L free /L total ratio
To compare in vivo and in vitro binding affinities mAb and L dynamic relationship
To understand the underlying dynamic relationship between mAb and L to facilitate dose and dosing schedule selection mAb monoclonal antibody drugs, L target ligand, PK pharmacokinetics, PD pharmacodynamics, FIH first in human a The concentration data required for a specific analyte depend on many factors as discussed in the text The capture and/or the detection reagents are directed toward an epitope that is non-competitive to L (or mAb) of interest, thus no or minimal inhibition is observed from L (or mAb).
Inhibitory assay
The capture and/or the detection reagents are directed toward a competitive epitope of L (or mAb), which will inhibit the assay at an appropriate molar ratio.
"mAb" is defined as a monoclonal antibody therapeutic in the paper, "L" refers to the target ligand in circulation. For simplicity, L is treated as monovalent
After dosing, binding of mAb to the soluble L is assumed to follow the law of mass action. Thus, concentrations of mAb and L in plasma or serum samples are analyzed to understand the dynamic equilibrium for the PK/PD relationship as discussed in UTILITY OF DRUG AND TARGET BIOANALYTICAL DATA. As predicted by the law of mass action, the in vivo equilibrium of mAb or L will shift to the free or bound form dependent on PK kinetics and the dynamics of L response as categorized in Table IV . The first scenario of high mAb/L represents mAb at high doses with a high binding affinity to L, a frequently encountered case in drug development. However, in some instances, L may accumulate and can result in lower mAb/ L at certain time points. Increases in L free and/or L total can occur with L accumulation after dosing and may counteract the intended effect of L suppression, or may bring about other safety concerns. Levels of L are dependent on the specific biology as well as disease status.
In addition to the considerations of the in vivo dynamics of mAb-L binding upon dosing, ex vivo conditions such as sample collection, storage, shipping, and sample analysis may shift equilibrium to conditions very different from those states in vivo. Table V lists some of the conditions that may affect equilibrium dynamics of association or dissociation. The bioanalytical scientist needs to recognize these effects and either try to preserve conditions to be as close to those in vivo as possible or provide the realistic determination for proper interpretation by the data users.
The ex vivo quantification of the different mAb and/or L forms of interest (free, bound, and total L and mAb) may deviate from the actual values in vivo due to possible sources of perturbation of that equilibrium during sample collection and analysis. In addition, the extent of the deviation depends on the time of sample collection during a study, which makes it harder to predict how well an experimentally determined PK/PD profile truly resembles that of the in vivo.
In the cases when it is difficult to control the equilibrium dynamics of the specific forms of mAb and/or L in a sample that contains mixtures of those forms, it may be useful to drive the To provide key PK parameters (e.g., area under curve, clearance, volume of distribution, etc.) in human and to allow building the PK structure model To understand PK behavior in different patient populations or in a special population (e.g., pediatric patient) To correlate exposures to PD or efficacy end points Model PK/PD profiles to: (1) assess exposure variability and covariate effects, (2) simulate PK/PD outcome for a desired regimen at later stages To assess potential drug-drug interactions To correlate exposure to safety end point to assess the maximum tolerated dose To characterize the mAb-L dynamics to help select dose regimen for later clinical trials L free or L total To understand kinetics of L free inhibition and its correlation to other PD responses or clinical endpoints To correlate the change from baseline L with clinical outcomes and assess its potential as a biomarker for later clinical trials or as a significant covariate for PK parameters mAb monoclonal antibody drugs, L target ligand, PK pharmacokinetics, PD pharmacodynamics a The concentration data required for a specific analyte depends on many factors as discussed in the text equilibrium primarily to the free or bound (total) form for determination. Alternatively, a separation step can be used to separate the free from bound forms and measure the specified forms to derive the PK or PD information required at each stage of drug development. Many LBA assay platforms and conditions are flexible enough to accomplish this. Thus, the different methods and approaches of quantification of the specific forms of mAb and L are discussed in BIOANALYT-ICAL APPROACHES TO QUANTIFY THERAPEUTIC ANTIBODY and BIOANALYTICAL APPROACHES FOR TARGET LIGAND, respectively.
BIOANALYTICAL APPROACHES TO QUANTIFY THERAPEUTIC ANTIBODY
Although LBA can be designed to measure either mAb free or mAb total , reagent limitations, sample dilution, etc., may result in uncertainty as to an assay's ability to measure only mAb free (5) . This may lead to the alternative strategy of measuring mAb total instead. Assay formats for mAb total and mAb free are described in Table VI , and typical ELISA formats are depicted in Fig. 2 .
Generic Formats: Used for Measuring mAb total
Because specific reagents are often not available, "generic" assays for measuring mAb total are commonly adopted during the preclinical phase. In order to minimize the cross-reactivity with the test species' IgGs, anti-light-chain and/or subclassspecific reagents can be used (e.g., Fig. 2a , b using anti-Fc reagents). The same format may be used for multiple animal species, and for variants of drug candidates, nonetheless, the method validation for each mAb is still required for each species. It can be used as an "off-the-shelf" assay with minimal optimization needed in early development before reagents for specific assays are generated. However, this type of assay format is not applicable to clinical samples due to interference from milligrams per milliliter levels of endogenous human IgG in these samples. Results from a spike recovery test should be used to evaluate and confirm that there is no interference from the endogenous components. In addition, the method is not specific A complementary paired approach using a non-inhibitory anti-CDR antibody reagent (where the antibody reagent recognizes an epitope on the hyper-variable region of mAb that does not participate in the L binding site) and a generic reagent would be a format that can be applied to clinical samples (e.g., Fig. 2a using anti-mAb reagents) . This complementarity-determining regions (CDR) epitope would not be present on the endogenous human IgG in clinical samples. However, these non-inhibitory anti-CDR mAb reagents can be difficult to obtain. Alternatively, if a polyclonal antibody reagent is used, there is the added challenge of maintaining the lot-to-lot consistency over the lifetime of a program.
For formats that are specific for mAb free , at least one component of the pair of reagents must be binding to the same site of the analyte. These reagents might be anti-idiotypic antibodies which compete with L for binding (i.e., inhibitory anti-ids), or L itself (Fig. 2c, d) . A variation of this format would be the combinatorial use of the reagents (e.g., "bridging" assays in which the same reagent is used for both the capture and detection, L as capture paired with an anti-id detection, or vice versa). One advantage of the bridging assay is that, in order to be detected, mAb must have two functionally free binding sites. The L capture format requires mAb to have only one free binding site to be detected, and it is specific for both free and partially free drug. However, the results do not reveal the relative proportions of these two forms.
In a competitive assay for mAb free , labeled mAb (e.g., with biotin or horseradish peroxidase) is allowed to compete with unlabeled mAb in the sample for binding to specific capture reagent. The amount of labeled mAb bound will be inversely related to the amount of mAb in the sample. However, competitive assays can be less robust than noncompetitive formats.
Challenges of Obtaining True Values of mAb free
Although mAb free represents the forms that exert biological activities and is preferred by the pharmacokineticists, in practice, in vivo mAb free concentrations are challenging to obtain even using well-designed assay formats. As discussed in BINDING EQUILIBRIUM AND CHALLENGES OF TOTAL/FREE ASSAYS, conditions of sample collection, manipulation, or assay may perturb the equilibrium and change the proportion of mAb free . As an alternative approach, the concentrations of mAb free , L free , and mAb*L in the sample can be calculated from mAb total and L total . However, the calculation is based on the equilibrium equation, which requires a good estimate of the equilibrium dissociation constant, K d in vivo (7) .
Because the dynamic equilibrium varies with different mAb and the corresponding L concentrations, it is important to test the mAb assay in the presence of excess L to determine empirically if it is indeed a total or free assay. Figure 3 shows the examples of using interference testing of mAb by L. L and mAb were preincubated at various molar ratios to reach equilibrium, and then mAb concentration was determined by the specified ELISA. The data were plotted with molar ratio of L/mAb at the X axis and percent inhibition at the Y axis. For a mAb free assay, the IC 50 would approach 1. However, it should be noted that the recombinant L used for the test may not bind to mAb exactly as the endogenous form, which may cause the IC 50 to deviate from the true value. Additionally, it is important to select a consistent and robust method to support the product through clinical development. If a method change is necessary, method comparison should be carried out using both spiked samples and study samples to compare the impact of method change on PK interpretation.
BIOANALYTICAL APPROACHES FOR TARGET LIGAND Assays for Measuring Total Target Ligand (L total )
L total provides information on the effect of mAb on L accumulation. Because mAb generally has a longer half life than the circulating L, mAb*L formed after dosing may not be cleared as fast as L free. Furthermore, up-regulation of the membrane receptor form of L or synthesis of soluble L as a response to dosing in some cases may increase the circulatory L concentration (8) . Several methods can be adopted to measure L total . These methods are summarized in Table VII with comments on method application and limitations. Typical assay formats are depicted in Fig. 4 . To measure L total , specific Ab against L at epitopes that are different from that of mAb (non-inhibitory) can be used (Fig. 4b) . For this assay format, if the anti-L reagent has overlapping regions of recognition with mAb, the presence of mAb could interfere with the assay, resulting in underestimation. Conversely, mAb may form complexes with L, which may enhance the assay signal, resulting in over-estimation. Dilution of the sample may increase dissociation of the mAb*L complexes for an L total assay. Pretreatments may also be used to drive the bound L forms into the dissociated form (Fig. 4a) . The dissociation methods are dependent on the relative denaturation of mAb as opposed to L (9).
Assays for Measuring Free Target Ligand (L free )
Monitoring L free during dosing is informative for determining the efficacious dose. Reagent choice affects L free measurement in a way similar to that of mAb free , however, with more complexity. In many cases, the soluble L is present at low abundance compared with the membrane-bound L in the tissue and may require a highly sensitive assay to measure the normal levels. The high molar ratio of mAb/L in most cases prohibits accurate measurements of the L free after dosing. However, the relative trend of L free can be obtained to provide valuable information about the effect of mAb and levels required for maintenance.
Methods that have been used to measure L free in preclinical and clinical stages are summarized in Table VIII with typical assay formats depicted in Fig. 5 . A specific inhibitory anti-L antibody or mAb (or mAb analog) can be used as the capture reagent and another specific non-inhibitory anti-L antibody for detection (Fig. 5a ). However, sample process steps and assay conditions that dissociate the bound form (see BINDING EQUILIBRIUM AND CHALLENGES OF TOTAL/FREE ASSAYS) may result in over-estimation (9) . Another approach is to remove the bound forms prior to LBA by molecular sieve, solid phase extraction, or affinity separations (Fig. 5b, e. g., removal by protein G, protein A, or anti-human FC column). However, the additional processes may introduce error due to adsorption to the column or filter surfaces. Dissociation may also occur during the process, and the processes are laborintensive. Therefore, L free data may only be able to show a relative trend rather than providing absolute quantification. When using sample preparation methods to develop total and free assays, it is important to evaluate the L recovery across the expected concentration range and in the intended matrix with and without mAb and to test for interference from matrix and other related binding proteins. It is important to confirm whether the assay is measuring total or free L using the final method. The interference test with various molar ratios of mAb/L similar to the experiment described in Fig. 3 may be used.
Relative Assay of Target Ligand
The measurement of L (L total or L free ) can provide important information that includes proof of in vivo binding of mAb to L, target occupancy, efficacious mAb levels, and PK/PD relationship. However, the accuracy of L measurement depends on the quality of the reference standard and the reagents. When native endogenous L standards cannot be obtained, recombinant and/or synthetic standards of L are used. The accuracy of measurement depends on relative binding activity of the standard compared with that of the endogenous analyte. Parallelism should be evaluated for L total during analytical validation to determine if the assay recognizes the endogenous L in the same way as the reference standard. A lack of parallelism indicates that the assay is only quasi-quantitative and the data must be interpreted in this context. When samples with sufficiently high endogenous levels are not available to evaluate parallelism, caution should be used in interpreting the data in absolute terms. In this case, the relative change in L will be more reliable (3).
CONCLUSIONS AND PERSPECTIVES
In order to use and interpret bioanalytical data appropriately, it is important to understand the reliability and limitations of the data. The LBA Bioanalytical Focus Group of AAPS first organized a forum for discussion on the utility of total and free binding assays during a hot topic session at the 2008 National Biotech Conference. The interactions that ensued brought to light the complexities that must be considered when developing a total or free assay. Experts in bioanalysis, PK/PD modeling, and toxicology have continued this discussion to share their experiences in best practices and associated challenges. This paper summarizes the major points of those discussions.
In LBA, capture and detection reagents are critical components in determining assay specificity for free, bound, or total. An understanding of the mAb/L ratio and dynamic equilibrium is paramount to selecting the most appropriate approach for method development. It is equally important to understand the variability in mAb/L ratio found in different species and disease status since the disease model or specific patient population may have a very different L profile than the healthy controls. Even in the presence of highly characterized reagents, it should be understood that the mAb*L exists in vivo in a dynamic equilibrium and thus ex vivo assay conditions (e.g., sample dilution and incubation times) can impact both mAb and L being measured and the equilibration of the two. While the mAb-L equilibrium and assay manipulations can be investigated, the experimental results should be evaluated to understand if they truly reflect the Fig. 2a, b binding relationships in the study samples. That being understood, the sample processing strategy and the assay formats listed in the tables are frequently employed to develop assays aimed at assessing free, total, and complexed mAb and L forms.
mAb and L concentration data are utilized to make specific decisions at different stages of development. In the preclinical setting, reagents may not be available to develop a mAb free method. mAb free or mAb total (when a mAb free method is not available) determinations are used to evaluate systemic exposure-time course, its relationship to toxicity findings, and predict the safety margin for dosing in human. Typically, mAb is dosed in excess of L, and mAb total would approximate mAb free , which may serve as an indicator of mAb activity for use in modelbased dosing decisions. During clinical evaluations, mAb free or mAb total assayed with specific reagents are used to characterize drug disposition in humans and to correlate exposure with safety and efficacy while a better understanding of the mAb-L dynamics may inform dosing regimen selections for later stage clinical trials. L data has been increasingly used in drug development to guide decisions. For instance, L free data may be useful in dose and schedule selection. The understanding of the L kinetics could help to define the efficacious mAb free levels required to maintain receptor occupancy. In many cases, because L free concentration is so low and may vary with assay conditions, quantification may be unreliable. Another approach is to examine the trend of change after dosing rather than rely on the absolute values. L total may indicate a proof of activity and may raise safety concern if the mAb-L binding alters the target expression profile (e.g., high L accumulation), L total may be used in PK/PD models to deduce L free . With the appropriate information of L total , L free , as well as mAb free or mAb total , one may estimate the in vivo binding affinity and inhibition of L free using PK/PD modeling, which may assist the dose and dosing schedule selection.
Since the analyte forms (free/total/complex) being measured and the bioanalytical methods used to quantify these forms impact the determination of the drug exposure-time course, it is critical to align bioanalytical data interpretation within the context of the overall drug development program. Moreover, it is important to design bioanalytical methods that address the pertinent scientific questions. Because of the complexity and uniqueness of each target and its associated disease biology, bioanalytical assay strategies for quantifying relevant forms should be carefully crafted for each development program in consultation with data end-users, taking into consideration drug-target biology, the development stage, and practical challenges including reagents availability. While a satisfactory bioanalytical method that meets all the requirements is highly desirable and may be developed with additional effort, it is often the case that a less optimal assay has to be used to support a certain stage of development. In the later case, caveats of the method, impact on data interpretation, and risks to the program should therefore be clearly communicated to ensure fully informed decisions.
There were a few publications using tandem high-performance chromatography mass spectrometry (LC-MS/MS) methods to quantify mAb (10) (11) (12) (13) (14) (15) . The method approach involves enzyme digestion to reduce mAb into small peptides to be within the mass range of the mass spectrometry. However, the mAb has to be denatured before enzyme digestion, resulting dissociation of the mAb from L. Thus, the LC-MS/MS method would quantify total mAb.
While the issues and examples described in this paper have applications to many types of biological therapeutics, in the interest of clarity, the authors limited the focus to mAb and their associated L. The complexity of other biotherapeutics such as proteins, peptides, and oligonucleotides and their interactions will require additional consideration to expand the concepts presented here and will be the subject of future publications.
We acknowledge the challenges of providing clear and decisive recommendations on practical methods development and appropriate use of the resulting data. We have attempted to identify the usefulness of the data at each stage of drug development so that assay development may be directed to serve that specific purpose. More importantly, we have highlighted the assay limitations for appropriate data usage and interpretation. Discussions will continue on to the issues and challenges of both mAbs and non-mAb biotherapeutics. Of special interest is the topic of binding components, especially ADA.
